We detected Campylobacter spp. in 5z (20/380) of diarrheal stool samples collected at an outpatient clinic in Kyoto using a commercial loop-mediated isothermal amplification (LAMP) kit with a fluorescent detection reagent after DNA extraction. The sensitivity and specificity were 100z in comparison with those of semi-nested PCR for the differentiation of Campylobacter jejuni and Campylobacter coli. Fourteen of the 20 samples were already determined as C. jejuni by the culture method. All 20 samples were also positive for C. jejuni by the PCR method. Among the 58 cultured samples, the sensitivity of the culture method against the LAMP method was 93.3z (14/15) and the specificity was 100z (43/43). The detection rate of Campylobacter spp. from the heated supernatants by the LAMP method was lower than that from the supernatant after DNA extraction. In total, 25z (5/20) of the Campylobacter-positive samples by the LAMP method were co-infected with norovirus (3/20), rotavirus (1/20), and human parechovirus (1/20), although no other bacterial co-infection was identified by the culture method. C. jejuni was mostly detected in children aged À 5 years throughout the year. Based on these results, we concluded that care should be taken while diagnosing Campylobacter infection in children. Our newly modified LAMP method is a rapid, easy, and useful method for this diagnosis.
INTRODUCTION
Campylobacter spp. are the most frequent causes of food-borne gastroenteritis in humans worldwide (1) . Campylobacter jejuni and Campylobacter coli are the predominant causative agents of campylobacteriosis (2) . The symptoms of gastroenteritis are sometimes severe in infants and the elderly, and bacterial culture is required for the diagnosis. However, this process requires at least 4 days and is time-consuming. Although several PCR assays have been developed (2, 3) , they require the use of electrophoresis to detect amplified products. Real-time PCR is another method; however, expensive equipment is required (4) . Therefore, we examined C. jejuni and C. coli in diarrheal stool samples from children using a commercial immunochromatography kit described in our previous study (5) . We found that the kit was useful for the rapid diagnosis of Campylobacter; however, the sensitivity was slightly lower than that of culture methods. Recently, a rapid and simple loop-mediated isothermal amplification (LAMP) method was developed for the detection of C. jejuni and C. coli from meat, stool, and cultivated bacterial samples (6, 7) . Campylobacter spp. require specific culture conditions, including an atmosphere with enriched carbon dioxide and reduced oxygen. DNA sequences of the Campylobacter genome were detected by metagenomic analysis in recent studies, while the standard culture methods were negative (5, 8) . In addition, some methods have been established for several years as an alternative to culture methods. Despite the fact that these methods have been available for many years, limited research has been conducted to determine which methods are the most sensitive and/or specific for the detection of Campylobacter spp. (8, 9) .
In this study, we used a commercial LAMP kit for the epidemiological survey of C. jejuni and C. coli from stool samples from children in Japan. We compared the results in part with those previously obtained by the culture method done at the same clinic. We also compared LAMP results after extraction of bacterial DNA and after heating the supernatants of stool samples. In addition, we examined diarrheal viruses to identify co-infections by a multiplex RT-PCR method developed by our group and reported elsewhere (10) (11) (12) . Age distribution, seasonality, and clinical findings have also been discussed.
MATERIALS AND METHODS
Study population and fecal samples: In total, 380 diarrheal stool samples were collected at a pediatric outpatient clinic in Kyoto Prefecture from July 2010 to June 2012 and stored at -309 C until assay. When the possibility of bacterial infection was indicated by symptoms of bloody stools, mucous stools, and/or severe diarrhea, rectal swabs were also collected. A total of 58 rectal swabs were collected, stored in transport medium, and sent to a commercial laboratory under cool conditions for the identification of bacteria by the culture method within 4 h after arriving at the laboratory. The samples were collected in accordance with the ethical guidelines of Nihon University School of Medicine (permit nos.: 22-15 and 25-13-0). Age distribution, seasonality, existence of bloody stool, body temperature, existence of suspected foods, and family history were also examined as variables in this study.
Identification of Campylobacter spp. from purified DNA by the LAMP method: Each of the 380 stool samples was evaluated for C. jejuni and C. coli contamination by the LAMP method using a Campylobacter detection kit (Eiken Kagaku Co., Tochigi, Japan). Briefly, stool samples were diluted to a 10z suspension with distilled water and then centrifuged at 10,000 g for 10 min. Genomic DNA was extracted from 140 ml of the supernatant using a kit employing a spin-column technique (Qiagen, Hilden, Germany) according to the manufacturer's instruction. A fluorescent detection reagent (Eiken Kagaku Co.) was added to the mixture before amplification, as per the manufacturer's instructions. The product was detected by the naked eye and using a gel imaging apparatus equipped with a CCD camera (Atto Co., Tokyo, Japan).
Identification of Campylobacter spp. by LAMP directly after heating stool supernatants: The 10z stool supernatants that were previously determined as positive by the LAMP method were heated to 959 C for 5 min and then immediately cooled on ice. The amplification and detection steps were performed as described above; however, DNA extraction was not performed. Each sample was analyzed 3 times, and analysis was repeated for samples with negative results.
Differentiation of C. jejuni and C. coli by PCR: All 380 fecal samples were subjected to PCR analysis with specific primers for C. jejuni and C. coli for the 1st PCR and semi-nested PCR primers developed in our lab for subsequent analysis (3). Semi-nested PCR was performed because the 1st PCR is less sensitive in comparison with LAMP. Briefly we used the primers hipO-F (GACTTCGTGCAGATATGGATGCTT) and hipO-R (GCTATAACTATCCGAAGAAGCCATCA) (344 bp) for the 1st PCR and CJF2 (TTTCAACCTGCTGAAG AGGG) and hipO-R (169 bp) for nested PCR to detect C. jejuni. A two-step PCR protocol was performed at 949 C for 6 min followed by 35 cycles of 949 C for 50 s, 579 C for 40 s, 729 C for 50 s, and a final extension at 729 C for 3 min for both rounds. We used the primers CC18F (GGTATGATTTCTACAAAGCGAG) and CC519R (ATAAAAGACTATCGTCGCGTG) (500 bp) for the 1st PCR and CCF2 (TTAGAGGGGCGAACC TTTGT) and CC519R (277 bp) for nested PCR to detect C. coli. PCR was performed at 949 C for 3 min, followed by 25 cycles of 949 C for 1 min, 609 C for 1 min, 729 C for 1 min, and a final extension at 729 C for 3 min for both rounds. The volume of samples and reagents was described previously (13) .
Identification of diarrheal viruses by multiplex PCR: All 380 stool specimens were also tested for diarrheal viruses, including group A, B, and C rotaviruses, adenovirus, norovirus GI and GII, sapovirus, astrovirus, Aichi virus, human parechovirus, enterovirus, and bocavirus by multiplex (RT-) PCR methods with specific primers published previously (10) (11) (12) .
Identification of Campylobacter spp. by a bacteriological method: To detect pathogenic bacteria (Escherichia coli, Salmonella spp., and others) on rectal swabs, growth medium was added to the transport medium and the samples were examined using established methods described elsewhere (details not shown). For the detection of Campylobacter spp., a loopful of stool sample was directly inoculated on a Skirrow agar plate (Oxoid, Basingstoke, Hampshire, UK) and incubated at 429 C under a microaerobic atmosphere (oxygen, 5z; carbon dioxide, 10z; nitrogen, 85z). Colonies were observed 24 and 48 h after culture on selective medium. The colonies suspected to be Campylobacter spp. were confirmed on the basis of motility, Gram staining, and oxidase activity. The hippurate test was used to differentiate C. jejuni from C. coli.
RESULTS
Validation of LAMP analysis using all samples: Campylobacter was detected in 20 of 380 (5z) stool specimens collected from infants and children with acute gastroenteritis by the LAMP method as well as the semi-nested PCR method ( Table 1) . The sensitivity and specificity of both methods were 100z. Fifteen samples were cultured, 14 (93.3z) of which were confirmed as C. jejuni. The other 5 samples were not cultured (Table  1 ). All 20 LAMP-positive samples were confirmed as C. jejuni by semi-nested PCR. The sample that was positive by the LAMP method and negative by the culture method was determined as C. jejuni by the first PCR ( Table 1) .
Comparison of the culture and LAMP methods using cultured samples: Fifteen of 58 samples examined by the bacterial culture were positive by the LAMP method. One sample, which was negative by the culture method (Case no. 2 in Table 1 ), was positive by the LAMP method. The sensitivity of the culture method against the LAMP method was 93.3z (14/15) and the specificity was 100z (43/43) ( Table 2) . No sample was found to harbor C. coli. Among 58 samples, 1 was positive for pathogenic E. coli O157 by the culture method. The other sample was positive for pathogenic E. coli O26, although there was no instance of co-infection between C. jejuni and pathogenic E. coli strains (details not shown).
LAMP of heated supernatants from stool samples: Heated supernatants of 20 stool samples positive for Campylobacter by the LAMP method were examined without DNA extraction. As shown in Tables 1 and 3 , results of 16/20 samples were positive and 2 (Nos. 3 and 6) became positive when we repeated the examination 3 times; however, the other 2 (Nos. 9 and 17) remained Co-infection and miscellaneous findings: Of the 20 samples, 15 (75z) had a single Campylobacter infection. Five samples contained 2 enteropathogens. Dual infection between Campylobacter and norovirus accounted for the largest portion of co-infections (3/5), followed by Campylobacter/rotavirus (1/5) and Campylobacter/human parechovirus (1/5). Norovirus infection was mainly detected during the winter months (January-February) during this study period. In contrast, rotavirus and human parechovirus infections were most commonly detected in March and September, respectively. With regard to the pediatric population (age range, 1-16 years), most (70z, 14/20) positive cases were aged À 5 years and 6 cases were aged 1-5 years. Campylobacter infection was found throughout the year during this study period. Clinical data of patients with confirmed Campylobacter infection are listed in Table 1 . The most common symptoms of Campylobacter infection were bloody stool (60z, 12/20) and fever À38 9 C (60z, 12/20). No correlation with foods associated with diarrhea or family infection were recognized from the patient records.
DISCUSSION
Several methods exist to detect Campylobacter spp. in clinical specimens. Culture methods are used by most laboratories to establish a diagnosis of Campylobacter diarrheal disease. Diagnostic PCR analysis of template DNA directly extracted from the primary source offers several attractive advantages, including reduced time for analysis and detection of non-viable and non-cultivable bacteria contained in the sample (5). However, isolation, amplification, electrophoresis, and staining protocols to detect gene expression take up to several hours to complete.
Although the LAMP method is more simple, rapid, and sensitive than PCR (6, 7) , it also has some shortcomings. For example, it is impossible to detect multiple pathogens in a single tube. Furthermore, it is difficult to use PCR products for sequencing. To confirm the effectiveness of our LAMP method with fluorescent detection, we examined 4 randomly selected positive samples, a negative control, and a positive control by real-time turbidimetry of the LAMP reaction using the Loopamp-EXIA  (Eiken Kagaku Co.). All 4 samples and the positive control were positive by turbidimetric analysis.
A fluorescent detection reagent (calcein) first binds to Mn ion but emits no fluorescence. When amplification proceeds, the Mn ion moves to a pyrophosphoric acid moiety and fluorescence appears. The fluorescence increases as the pyrophosphoric acid reacts with the Mn ion.
This modification is simple and does not need specific equipment for real time turbidity measurement; it only requires the compact LoopampEXIA  system (14) . We examined results by observing the amplification by the naked eye and also using a gel imaging apparatus equipped with a CCD camera. The usefulness of the LAMP method for Campylobacter detection in stool samples was previously compared with that of conventional PCR, real-time PCR, and culture methods (15) . The differences in our report are that we used a LAMP kit with a fluorescent detection reagent and a two-step PCR methods (semi-nested PCR for C. jejuni and nested PCR for C. coli) instead of real-time PCR. Our method does not require equipment for real-time turbidity or PCR measurement. Moreover, our two-step PCR method is simple with virtually the same sensitivity as that of real-time PCR for the detection of C. jujuni.
Commercial LAMP kits have been used to detect several pathogens, including Salmonella, Mycobacterium tuberculosis, pathogenic E. coli, and Bordetella pertussis (16) within 1-2 h, whereas 3-5 days are required to obtain results by culture methods. The original LAMP kit for Campylobacter detection was developed for use with culture fluid after an incubation period (6) . We found that this kit was useful to detect Campylobacter from stool samples without cultivation and easier to detect with the use of a fluorescein complex (calcein). Of the 380 stool samples analyzed in this study, 20 (5z) were positive for Campylobacter by the LAMP method. This positive percentage was smaller than that of rotavirus (20.5z) and norovirus (19.3z) but was similar to that of sapovirus (3.9z) and adenovirus (4.4z) infections in Japan (17) . Campylobacter infection occurres throughout the year; however, peak infections among the Japanese pediatric population in this study occurred in June and September, in agreement with the findings of National Institute of Infectious Diseases (2013). Coinfections with norovirus, rotavirus, and human parechovirus were also found in 25z (5/20) of cases. Most patients with Campylobacter infection were aged À5 years; however, infants were also infected. We found no associations among the incidence of co-infection, seasonality, and age distribution. In developing countries, Campylobacter is responsible for a major portion of food-borne infections (18, 19) ; however, we found no correlation with food. Therefore, this altered epidemiological pattern of Campylobacter infection should be further investigated. In addition, we found that our proposed test was much more practical for rapid screening during Campylobacter outbreaks. In conclusion, rapid detection by the LAMP method is an attractive tool for molecular epidemiological research of Campylobacter infections.
